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ABSTRACT
          The principal aim of this work is to optimize the drilling process of composite 
materials namely carbon fiber reinforced plastics (CFRP). Aspects of tool materials and 
machining parameters on their influence against the thrust force and delamination were
investigated. The chosen machining parameters are feed rate and spindle speed. The 
optimization process was achieved by a method called General factorial. Through 
analysis function (ANOVA) the factorial model was found to be significant since the P 
value is 0.0116 which is less than 0.05. Type of tools is the most significant factor 
followed by spindle speed. The less significant factor is feed rate. The optimal 
parameters were SPF tool, 2000 rpm of spindle speed and 400 mm/min of feed rate. The 
optimization result shows that this method was reliable with desirability 0.815. It was 
found that the optimization process is achieved by Factorial Design.
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ABSTRAK
Matlamat utama kajian ini adalah untuk mengoptimumkan hasil keputusan 
proses penggerudian bahan komposit  khususnya pada gentian karbon bertelulang plastik 
(CFRP). Aspek seperti bahan penggerudi, parameter pemesinan dan kesannya kepada 
daya tujah dan delaminasi dikaji. Parameter yang dipilih ialah kadar pemotongan dan 
kelajuan spindel. Proses pengoptimalan dicapai dengan kaedah ’General Factorial’.
Melalui fungsi penganalisaan (ANOVA) model faktorial didapati berkesan dengan nilai 
P ialah 0.0116 dimana ianya kurang daripada 0.05. jenis-jenis penggerudi adalah faktor 
yang paling memberi kesan diikuti dengan faktor kelajuan spindel. Faktor yang kurang 
berkesan ialah kadar pemotongan. Parameter yang optimum ialah penggerudi jenis SPF, 
kelajuan spindel 2000rpm dan kadar pemotongan 400 mm/min. Keputusan 
pengoptimalan telah menunjukkan bahawa kaedah ini adalah berkesan dengan 
kehendaknya 0.815. Ini telah menunjukkan bahawa process pengoptimalan adalah 
dicapai oleh ’Factorial Design’.
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CHAPTER 1
INTRODUCTION
1.1 Introduction
Fiber reinforced plastics have been widely used for manufacturing aircraft and 
spacecraft structural parts because of their particular mechanical and physical properties 
such as high strength to weight ratio [1]. Drilling of these composite materials, 
irrespective of the application area, can be considered a critical operation owing to their 
tendency to delaminate when subjected to mechanical stresses. The largest amount of 
money was spent on drills. Therefore, optimization of drilling process was extremely 
important for the manufacturing industry. With regard to the quality of machined 
component, the principal drawback was related to surface delamination. Among the 
defects caused by drilling, delamination appears to be most critical. Factors such as 
cutting parameters, end tool geometries/materials must be carefully selected in aiming to 
obtain the best performance on the drilling operation, i.e.: best hole quality. Therefore 
this paper aims to present an optimization process on drilling operation of carbon fiber 
reinforced plastics (CFRP).
21.2 Problem statement
While drilling was frequently used for the laminate composites, the drilling cause 
of delamination was a major concern. Therefore in this study, the drilling process on 
carbon fiber reinforced plastic (CFRP) was conducted by using CNC milling machine. 
CNC milling machine was used due to the fact that the normal drilling machine will not 
produce good drilling result. Some parameters were selected in order to study the quality 
of drilling process on CFRP. The control parameters are set to be the feed rate, spindle 
speed and type of cutting tool. It was decided to study the effect of these parameters on 
the delamination of CFRP and thrust force during drilling. For the function optimization, 
General Factorial was implemented in model formulation and analysis.
1.3 Objective
To study and optimize the drilling process of CFRP using General Factorial method.
1.4 Scope
A study was conducted to find the optimum parameters of drilling process on 
carbon fiber reinforced plastic (CFRP) composite. The optimization that used was
General Factorial Optimization. The parameters studied are feed rate, spindle speed, and 
types of the tool material. The best parameters were selected from the studied 
parameters to minimize the effects of delamination and cutting force on drilling process.
31.5 Arrangement of report
1.5.1 Chapter 1
Chapter 1 was a brief review of the study that was conducted. It also outlines the 
objective, problem statement, scope of study and the flow chart of methodology for 
FYP.
1.5.2 Chapter 2
Chapter 2 gives a wholesome review about the research that has been done by 
others related to this study. Many journals have been shown here to obtain different 
views on the topic of study. 
1.5.3 Chapter 3
Chapter 3 gives full details on ways how experiment was performed in this 
study. It shows how machine was conducted, equipments and the optimization method 
used.
1.5.4 Chapter 4
Chapter 4 gives the results that were outcomes from this study. 
1.5.5 Chapter 5
Chapter 5 summarizes the whole study.
41.6 PLAN OF WORK
Figure 1.1: Methodology flow chart
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CHAPTER 2
LITERATURE RIVIEW
2.1 Introduction
A Composite in engineering sense is any materials that have been physically 
assembled to form one single bulk without physical blending to foam a homogeneous 
material [2]. There are two or more materials could be combined to take advantage of 
the good characteristics of each of the materials. Have two constituent materials in 
making a composite, there are matrix and reinforcement [3]. At least one portion of each 
type is required. The matrix was using to support the reinforcement materials by 
maintaining their relative positions. The reinforcements impart their special mechanical 
and physical properties to enhance the matrix properties. Advanced composites contain 
strong, stiff, engineering fibers embedded in a high performance matrix. The application 
of composite material was gained in high performance products. It can be seen in the 
founding of aerospace component like tails, wings, fuselages and propellers. Other uses 
also included boat, bicycle frames, fishing rods and storage tanks.
72.1.1 Aerospace materials (history of composites)
Aluminum played an essential role in aerospace history from its very inception. 
In the first flight of the Wright Flyer in 1903, the engine crankcase was made from 
aluminum alloy with 8% copper. This sets the stage for aluminiums’ critical role in 
aircraft industry. In 1910 the alloy 2017-T4, was used in the construction of propellers 
and dirigibles, including the USS Shenandoah. During the 1940’s alloy 7075-T651 was 
used on the B-29. It was not until the late 1960s’ that the application of composite was 
used widespread in the aircraft industry. Composites are the most important materials to 
be adapted for aviation since then. Composites are materials that are combinations of 
two or more organic or inorganic components. Fiberglass is the most common composite 
material, and consists of glass fibers embedded in a resin matrix. Fiberglass was first 
used in the Boeing 707 passenger jet in the 1950s, where it comprised about two percent 
of the structure. By the 1960s, other composite materials became available, in particular 
boron fiber and graphite, embedded in epoxy resins. The U.S. Air Force and U.S. Navy 
began research into using these materials for aircraft control surfaces like ailerons and 
rudders. The first major military production use of boron fiber was for the horizontal 
stabilizers on the Navy's F-14 Tomcat interceptor. By 1981, the British Aerospace-
McDonnell Douglas AV-8B Harrier flew with over 25 percent of its structure made of 
composite materials. Modern airliners use significant amounts of composites to achieve 
lighter weight. About ten percent of the structural weight of the Boeing 777, for 
instance, is composite material. Modern military aircraft, such as the F-22, use 
composites for at least a third of their structures, and some experts have predicted that 
future military aircraft will be more than two-thirds composite materials. Aluminium 
still remains a remarkably useful material for aircraft structures and metallurgists have 
worked hard to develop better aluminium alloys (a mixture of aluminium and other 
materials) [4]. 
82.1.2 Machining of composites
Because of the composite's structure of very strong fibers in a softer matrix, 
conventional machining techniques do not work effectively. Machining operation such 
as cutting and drilling are difficult to perform on composite with conventional tools and 
techniques because of their properties including anisotropy, low thermal conductivity 
and resistance of the reinforcement. Another, conventional machining may cause 
hazardous delaminating, splintering, and fraying and also due to heavy tool wear caused 
by the presence of the hard reinforcement. Because of the problem, several advances 
have been made in the machining of these materials. There has been growing interested 
in electro discharge machining (EDM) and laser cutting. Laser cutting was performed on 
all composite materials whereas EDM was only performed on conducting composite. 
W.S. Lau et al. [5] conducted a study of un-conventional machining of composite 
materials that is EDM and laser process. In their study, two types of polymer 
composites, (carbon fiber and reinforced liquid crystal polymer), one type of metal 
matrix composite (MMC) material and one type of conductive ceramic material were 
used. Their studies showed that laser process can produce a cleaner cut surface with less 
damage. Unconventional machining also can reduce the heavy tool wear caused by the 
presence of the hard ceramic reinforced. Since cemented carbide tools wear rapidly in 
conventional machining, diamond-impregnated tools may have to be used. To overcome 
the rapid tool wear experienced in conventional machining of some composites 
containing hard, abrasive, or refractive constituents, unconventional machining 
operations such as waterjets have been adopted. Waterjets are being used extensively to 
cut and machine these materials. The majority of waterjet systems used in aerospace are 
abrasive waterjet units. That is, an abrasive, usually garnet or aluminum-oxide grain is 
introduced into the high-pressure water stream. Some aerospace applications use water-
only systems. Although the process is used for cutting many metals, the main 
applications are trimming and hole making in composite materials. 
92.2 Drilling of composites
2.2.1 CNC drilling of composites
Computer Numerical Control (CNC) Drilling is commonly implemented for 
mass production. The drilling machine, however, is often a multi-function machining 
center that also mills and sometimes turns. The largest time sink for CNC drilling is with 
tool changes, so for speed, variation of hole diameters should be minimized. The fastest 
machines for drilling varying hole sizes have multiple spindles in turrets with drills of 
varying diameters already mounted for drilling. The appropriate drill is brought into 
position through movement of the turret, so that bits do not need to be removed and 
replaced. A turret-type CNC drilling machine is shown below. A variety of semi-
automated drilling machines are also used. An example is a simple drill press which, on 
command, drills a hole of a set depth into a part set up beneath it. In order to be cost-
effective, the appropriate type of CNC drilling machine needs to be applied to particular 
part geometry. For low-volume jobs, manual or semi-automated drilling may suffice. 
For hole patterns with large differences in sizes and high volume, a geared head is most 
appropriate. If holes are close to each other and high throughput is desired, a gearless 
head can locate spindles close together so that the hole pattern can be completed in one 
pass. CNC machining also can use water cutting for complex shapes where using a 
router would be too in-efficient. High pressure water cutting provided excellent results 
although if surface finish is required then solid carbide is the one to use. In CNC 
machining, diamond routing tools used to slot and machine heavy thicknesses. Diamond 
is essential in most Composite operations. N.S Mohan et al. [6] conducted a series of 
experiment using TRIAC VMC CNC machining center to machine the composite 
laminate specimens at various cutting parameter and material parameters. It is necessary 
to use CNC control to drill glass fiber reinforced plastic (GFRP) that have many 
excellent properties.
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2.2.2 Cutting tools
Composite materials are used extensively as their higher specific properties of 
strength and stiffness. These materials are difficult to machine and because of that the 
selections of tools materials, specifications and types of tools have a big role in produce 
the best drilling product of composite. X.H Zheng et al. [7] conducted a research on the 
cutting performance of carbon nitride cutting tools. The C3N4 coated tools used in their 
experiments. Their studies showed that the anti-wear ability of a cutting tool increases 
sharply after C3N4 has been coated on HSS tool. A coated HSS drill also has some 
benefit after being reground. The tool life also prolonged after C3N4 has been coated on 
cemented carbide inserts, but is not so long as that of a C3N4 coated HSS tool. 
In a studies about machining of composite material that a conducted by R.Teti 
[8], he used many types of drill material and performed it on difference types of 
composite. The results in the case of Glass Fiber Reinforced Plastics (GFRP) and 
Carbon Fiber Reinforced Plastics (CFRP) it is the cutting tool material that dominates 
the tools selection. Meanwhile for the Aramid Fiber Reinforced Plastic (AFRP), it is the 
tool geometry that dictates the choice of the cutting tool. Carbide tools, coated carbide 
tools and PCD tools yield good results in terms of tool wear and tool life during the 
machining of GFRP and CFRP. They also state that to guarantee that the fibers are 
severed in a clean cut, it is important to ensure very high cutting edge sharpness.
J.P Davim and Pedro Reis [9] conducted a study of delamination in drilling 
carbon fiber reinforced plastics using different type of drill material. Their studies 
showed that carbide drills exhibit an almost null wear land compared to HSS drills 
which presented a significant wear value. Their results also showed that the helical flute 
K10 drill, presents a better performance then helical flute HSS drill, i.e. the carbide drill 
is the better choice for drilling Carbon Fiber Reinforced Plastic (CFRP). 
